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Introduction
Skin problems are ranked highest among work-related diseases in the industrialized countries, with a percentage which varies between 20% and 50%, depending on the type and level of industrialization. [1] [2] [3] [4] [5] [6] Hand Eczema (HE) is the most common work-related skin disease, since skin of the hands is often in contact with irritant or sensitizing agents, is exposed to water or protected by gloves and is frequently subjected to pressure or friction. 7 In the western world, up to 90% of the HE cases are diagnosed as contact dermatitis (CD), with an estimated annual incidence in Europe of 0.5-1/1000 employees. 4 Occupations most affected are the so-called 'wet work' occupations, [8] [9] [10] [11] [12] a definition which includes health workers, cleaners, hairdressers, beauticians, construction workers and metallurgical or even food business operators, to name a few. 4 From a staff management perspective, CD affects mostly young subjects, is often responsible for sick leave and job changes, is costly to society and has been reported as a significant predictor of unemployment; 21 but, in the meanwhile, workers affected by this disorder are not familiar with the rules of protection and proper prevention of hands' skin barrier integrity. Moreover, occupational physicians have no objective tools to monitor the skin barrier integrity and highlight an early or residual stage skin impairment in order to make the employee capable of recognizing and treating a latent damage.
As suggested in several scientific studies, it is clear that prevention plays an important role in the management of occupational contact dermatitis, 22, 23 and the aim of this study was to raise awareness among employees with HE and to train them with regard to the correct skin care practice.
To evaluate whether the participants had an improvement in the skin barrier integrity after the interventional event, we evaluated all of them before and after the seminar, by means of clinical assessment, supported by an instrumental evaluation too.
It is well known that the skin barrier function is mainly due to the uppermost 15 lm of the epidermis, represented by the stratum corneum (SC), [13] [14] [15] [16] whose integrity is of paramount importance. Under physiological conditions, SC hydration is established by the intercellular lipids, whose function is to prevent an excessive transepidermal water loss. When this function of the SC fails, the skin gets dry and scaly, resulting in an overall reduction in the mechanical flexibility. 17 TEWL measurements, expressed in g/m 2 /h, indicate the proportion of total water that is transferred by the dermal and epidermal tissue to the external environment through the SC, and is a sensitive indicator of its integrity. [18] [19] [20] We chose to use this evaluation since it could provide an objective data to the clinician/researcher, independent of the examiner assessment, 7 useful in the skin evaluation when there are no visible signs of skin barrier damage but an initial or residual disruption of the barrier is already or still present.
8,9
Patients and methods
Study design
All workers, who received a diagnosis of occupational hand dermatitis (feeling of itching or burning of the skin accompanied by skin redness, caused or exacerbated by occupational exposures) at the Allergy Unit of the Occupational Medicine Department of Trieste from January 2011 to December 2013, were contacted by telephone (T1 group). All of them were invited to undergo a second clinical evaluation (T2 group) including the measurement of the transepidermal water loss (TEWL). During the clinical evaluation, each subject received recommendations on hand skin care, drawn up on the basis of similar experiences described in the literature. 24, 25 A training seminar was organized with the aim of increasing the awareness in workers about the importance of the adoption of preventive behaviours and of the risks arising from skin exposure to hazardous substances (http://www.napofilm.net). Those workers who joined the protocol were subsequently asked, within 3 months after the training, to undergo a third clinical evaluation (T3 group), with the same features of the previous one.
Sixty-five white-collar workers, without contact dermatitis, sex and age matched with patients, were recruited as control group.
All participants signed an informed consent and the procedure was approved by the Ethics Committee of University of Trieste.
Questionnaire used
The questionnaire submitted to patients was formulated on the basis of the short version of the Nordic Occupational Skin Questionnaire (NOSQ-2002). 26 We added some questions such as the state of personal and family atopy, smoking habits, use of protective gloves and wet-time at work. 27 As indicators of the severity of the dermatitis, we also asked if there was the need for dermatological examination in the last year and if temporary sick leave for dermatitis occurred.
Patch tests
The subjects were patch tested with the European baseline series using Finn chambers â on Scanpor â tape. 28 Depending on the specific job of each subject, selected professional series have been added on a case by case basis. All haptens were applied on the upper back and removed at D2. hapten at a concentration of 0.02% to increase the diagnosis of this kind of contact allergy without increase the risk of sensitization and to test separately methylisothiazolinone and isothiazolinone that are contained in Kathon.
TEWL measurements
For the TEWL measurements, the VapoMeter TM (Delfin Technologies Ltd, Kuopio, Finland), a closed chamber-type tool, was used. It is portable, light weight (150 g) and not influenced by external air movement. 31, 32 Values are expressed in g/m 2 /h, with a maximum detectable value of 300 g/m 2 /h.
The areas chosen for the measurements were the volar forearm, away from the wrist and the dorsal side of the hand, at the first interdigital space. These areas are, respectively, representative of the lower and the higher exposure areas to irritants and/ or sensitizers at work place. Three subsequent independent measurements were performed at each of these anatomical areas and then the average was calculated. Before the measurements, each subject was invited to uncover the interested areas (hand and forearm) for at least 10 min, in order to acclimate and avoid any change in the measured values related to the room temperature and/or sweating. According to the recommendations of EEMCO (European Group for Efficacy Measurements of Cosmetics), the acclimatization period was at least 15 min for each subject, at a room temperature of 20-22°C and of relative humidity between 40% and 60%. [33] [34] [35] All measurements were carried out on a horizontal surface and the probe was applied with a constant pressure by the operator, no direct light sources were present. All subjects avoided the application of topical products on the measurement areas for at least 12 h before measurement and smoking and/or caffeine for at least 3 h prior to testing. 36 Since there are no standard TEWL reference values, we recruited a number of controls equal to the cases (T2, n = 65), sex and age matched, to obtain internal reference values for TEWL in a population not suffering from hand dermatitis. These were 9.5 AE 3.3 g/m²/h for the forearm and 11.1 AE 3, 3 g/m²/h for the back of the hand.
Training programme
For this purpose, was showed, a movie titled 'Napo in: protect your skin,' produced with educational purpose by a panel of European organizations and institutions active in the fields of safety and health at work: AUVA (Allgemeine Unfallversicherungsanstalt-Austria), HSE (Health and Safety Executive -UK), DGUV (Deutsche Gesetzliche Unfallversicherung -Germany), INAIL (Istituto Nazionale per l'Assicurazione contro gli Infortuni -Italy), INRS (Institut national de recherche et de s ecurit e -France), SUVA (Schweizerische Unfallversicherungsanstalt -Switzerland) (http://www.napofilm.net).
The recommendations provided by a medical doctor during the training seminar focused on: limiting the procedures with wet hands, always wearing appropriate gloves according to the type of activity performed, making proper use of such protective equipment, using gentle cleansers which respect to the skin pH, properly hydrating the skin, using, when necessary, barrier creams and not wearing jewellery at work. 25 
Statistical analysis
Data were collated in an Excel spreadsheet and processed with Stata software, version 13.1 (Stata Corp, State College, TX, USA, 2013). Continuous data, expressed as mean and standard deviation, were compared with Student's t-test, categorical data, expressed as number (%), were compared with the chi-square between exposed and controls. Follow-up data were investigated using Generalized Estimating Equations (GEE), placing as the dependent variable, the persistence of dermatitis and assessing the associated factors. Significance was placed at P values <0.05.
Results
From January 2011 to December 2013, 143 workers affected by occupational hand dermatitis visited our clinic (T1 group). It was possible to contact by telephone, 101 subjects: 65 of these subsequently underwent a new clinical evaluation, filled in a questionnaire, followed the training programme and underwent TEWL measurement (T2 group), while the remaining 36 subjects (25.2%) only filled in the questionnaire by telephone (Questionnaire group). Forty-two subjects dropped out (29.4%) (Fig. 1) .
The populations' characteristics (controls and T1, T2, T3 cases and questionnaire group) were similar as regards the mean age, sex, smoking habits, job seniority, family history of allergies, respiratory allergic manifestations and urticaria, while atopic dermatitis and the presence of eczema elsewhere in the body were significantly lower in the control group and in the questionnaire group. TEWL mean values were significantly lower in the control group in both anatomical sites tested (hand and forearm), compared to the cases group at T2. ( Table 1 ).
The two predominant occupations at T2 and T3 were wet workers (31.1%) and health workers (18.9%). The occupation categories in the different follow-up populations are reported in Table 2 .
About 80% of subjects seen in each of the three visits used gloves daily, while this percentage was 65% for those who have just filled the questionnaire. Latex gloves without powder were the type mostly used by workers in the first two visits (37.1% and 21.5% of cases respectively), while in the third visit and among subjects undergoing the telephone questionnaire, we observed a higher prevalence of use of vinyl gloves (26.4%) that were suggested as more tolerated gloves. Among those who used latex gloves, latex prick test was positive in 8.1% of the subjects who underwent a skin prick test (n = 62).
The lesions most frequently observed in all groups were fissuring and desquamation (80.5%, 81.6% and 82.6% respectively in T1, T2 and T3), less frequent papules and/or vesicles (27.3%, 18.4% and 21.7% respectively in T1, T2 and T3). The anatomical areas involved in most of the cases were the fingers, followed by back and palm (Table S1 ).
The diagnosis was allergic contact dermatitis (ACD) in 46.1% of cases (positive patch test) and irritant dermatitis in 43.4% of cases. In 15 subjects (10.5%), a diagnosis was not achievable (testing non-executable because of pregnancy and/or limited availability/collaboration of subjects).
Patch test results are reported in Fig. S1 . Within the positive patch test group, the hapten most frequently involved was nickel (positive in 50% of subjects with ACD), followed by potassium dichromate (21.2%) and cobalt chloride (16.7%). Euxyl K 400 sensitization accounted for the 4.6% of all positive patch test results, probably due to one of its components, the methyldibromoglutaronitrile. This hapten has been banned from cosmetics since 2007, but is still present in many occupational fluids, such as cutting and drilling oils, coolants, glues and adhesives, to name a few, representing a still relevant contact allergen.
Hand dermatitis was still ongoing in 54.5% of the subjects in T1, in 60.0% in T2, in 42.3% in T3 and only in 13.9% of the subjects who underwent the telephonic questionnaire. (Table 3) The substances considered by subjects to be most responsible for the worsening of the dermatitis were detergents and cleansers (which, considered together, accounted for 55.4%, 51.4%, 53.8% and 66.7% of all the causes reported in T1, T2 and T3 groups and in the questionnaire respectively). Ongoing symptoms of subjects decreased from 60.0% to 42.3% 3 months after the training, and the subgroup which strictly adhered to the recommendations given achieved better results with 61.9% of symptoms improvement compared with 29.0% obtained in subjects with partial adhesion to the protocol. TEWL values changed from 21.3 AE 9.6 to 18.6 AE 7.2 g/m²/h (P = 0.001) on the hands and from 16.6 AE 9.0 to 10.5 AE 4.6 g/m²/h (P = 0.001) on the forearm (Table 1) , confirming an improvement in the skin barrier integrity. Nevertheless, the skin recovery in T3 group was not complete and TEWL mean values remained higher with respect to controls. This result demonstrates that a complete barrier recovery was not achieved by these subjects, even if they became symptom free.
Using Generalized Estimating Equations, we studied factors involved in the persistence of dermatitis (Table 4) . Age, sex and seniority of work were not relevant. The daily washing of the hands was associated with an increased risk of persistence of the disorder, but without reaching statistical significance. The second model considered TEWL measurements, which strongly predicted the persistence of dermatitis (OR 18.2; 95% CI 4.28-77.7) and the adhesion to the training protocol, which caused a reduction in the persistence of dermatitis, but without reaching statistical significance.
Discussion
In this study, we examined one of the most frequently observed occupational diseases. It is well known that skin pathologies, and contact dermatitis in particular, are the most common occupational diseases in many countries. 4, 37 Agner and co-workers considered 10 different departments of dermatology in Europe, and reported that 51.7% of the observed cases of hand eczema were work related. 38 In our initial population, almost 90% of the cases were represented by females, which is in line with data reported by other authors in relation to the prevalence of this disease in women, also for the predominance of females employed in the so-called 'wet jobs'. 7, 39 Prevalence of atopic eczema was significantly higher in T1, T2 and T3 cases than in controls, confirming the role of atopic eczema as predisposing factor for hand dermatitis, due to the impaired skin barrier that these patients have. 40 On this topic, Schwensen 41 in 2014 reported that in primary prevention,
proper guidance for atopic individuals can bring to an health worker's effect, with a decrease in prevalence of atopic eczema in subjects that did wet work. In our study, however, atopic eczema prevalence is higher in T1, T2, and T3 groups than in controls; Table 3 Clinical course of work-related causes of worsening dermatitis, need for dermatological examination, sick leave due to dermatitis in follow-up groups and questionnaire group Table 4 Factors associated with persistence of the dermatitis in workers undergoing follow-up, evaluated by Generalized Estimating Equations (I and II) thus, it is still a risk factor. Much more actions on primary prevention must be done in Italy to discourage people with severe disease to start jobs at high risk for hand eczema. We have to point out that Italian prevalence of atopic eczema is lower than those reported in Northern countries. 42 Another interesting point is the higher prevalence of smokers in cases vs. controls (36.4% in T1 vs. 20% respectively) that was already reported in other studies 43 and probably related to the inflammatory effects of smoking that causes cytokines release and oxidative stress. Association between smoking and hand eczema was stronger in workers with hand eczema. 44 The occupations most prevalent in our study were the wet workers (barmen, cleaners, home-care workers) and health professions, which were also observed in other studies in several European countries. 39, 45 This highlights how exposure to a humid environment for at least 2 h per day, the concurrent use of protective gloves and the need for frequent hand washing lead, altogether, to the destruction of the stratum corneum, to a damage of the skin barrier and thus to a promotion of irritant contact dermatitis and even the facilitation of the penetration of haptens, resulting in the development of ACD. 46 Many studies underline the substantial impact of hands eczema in terms of indirect costs, such as prolonged sick leave or job loss in the worst cases, on the one hand, and specialist visits and medication as direct costs for patients, on the other. [47] [48] [49] [50] As pointed out by Nicholson, 51 since the prognosis of these diseases varies widely and some patients keep having persistent symptoms despite avoidance of exposures, the prevention is very important. After the great success of the preventive measures in hairdressers, 52 these programmes have been extended to healthcare workers. [53] [54] [55] Educational interventions are widely accepted and established for patients with chronic diseases and aim mostly to positively influence the self-management of patients and their ways of dealing with the disease as well as their behaviour towards health. 56 Various studies found a positive impact of educational courses in cases of suspected occupational dermatosis, reporting an improvement in skin condition of the subjects and at the same time improving the quality of life, as well as a decrease in absences from work because of dermatitis. 57 In our study, the training programme carried out involved transversally the different occupations represented, focusing on the involvement and motivation of subjects to follow the recommendations concerning hand health care. We wanted to test the effectiveness of the training programme based on the teaching of simple recommendations, motivating patients to follow the proposed protocol in order to obtain an improvement in their condition by simply changing some behavioural aspects related to the skin care of the hands. During follow-up evaluations, we investigated the absence from work, sick leave due to dermatitis and the need to consult a dermatologist and/or claim for a specific therapy for dermatitis over the last year, as indirect indices of disease severity. All these elements have proved to be relevant, especially in the first two evaluations, with a reduction in the respective percentages at the clinical evaluation following the training and presumably in relation to an improvement of the symptoms. The lower percentage found among those subjects who underwent only the questionnaire is instead probably attributable to a better course of the dermatitis, which explains the decision of this group not to join the clinical evaluation.
The workers who declared to have strictly adhered to the hand skin care recommendations achieved better results, with 71% of subjects free from dermatitis symptoms after 3 months compared to the 38.1% of the ones who adhered only partially to the training advices.
Moreover, TEWL measurements demonstrate that this objective datum is strongly associated with the persistence of dermatitis, and this confirms its role as important indicator of skin barrier function, as widely accepted by several authors. [58] [59] [60] [61] TEWL could be a useful tool to evaluate skin condition in subjects with hand eczema as marker of improvement of skin barrier and recovery of skin disease.
It is important also to stress the role of patch tests, that permit to evaluate skin sensitization and thus the preventive measures which have to be taken to avoid contact with substances/objects containing the positive haptens. In our study, all subjects were patch tested, not only those with papulae and vesicles, but also those with dry and fissurated skin, to identify better preventive measures to be taken. In conclusion, our secondary prevention intervention was effective, leading to a reduction in clinical signs of dermatitis and, in parallel, to a reduction in TEWL values in subjects who followed the prevention and treatment advice. This implicitly means fewer requests for dermatological consultations and hence fewer evaluations for job changes during the followup period. Therefore, a modification in the hand skin care practice is useful in the control of the dermatitis and TEWL measurements, proven to be useful to assess the skin barrier integrity and could be complementary to the clinical evaluation. This is in line with results reported in other studies. Indeed frequently, especially in atopic dermatitis cases, an apparently healthy skin may have a compromised barrier function, which may result in a higher risk of irritant or allergic contact dermatitis. 56 The significant difference in TEWL mean values evaluated at the back of the hand between subjects in T3 group and controls demonstrate that, even if the training programme was effective and the subjects get a clinical recovery, their TEWL values do not reach the ones of the normal population. The significant difference in TEWL mean values at forearm between subjects in T3 and T2 groups demonstrate how the skin barrier recovery in this area was better, probably due to lower exposure to toxic substances and mechanical injuries.
The results obtained are encouraging and in line with similar studies conducted in Northern Europe. Hand dermatitis is a disabling condition, but simple preventive measures are capable of improving symptoms, skin condition and quality of life of the subjects. The implementation of these measures in an extensive manner could lead to a better prevention and to a reduction of contact dermatitis exacerbations.
